Exposure to sunlight has been associated with several ocular conditions such as cataract, age-related macular degeneration, and conjunctival neoplasm. Knowledge of protective modalities and good behavioural practice involving eye protection is essential to prevent adverse effects of sunlight. The purpose of this study was to establish knowledge amongst randomly selected university students in South Africa, of prevention modalities against the adverse effects of sunlight. A questionnaire relating to the knowledge of preventive modalities was completed by randomly selected students from four universities selected by convenience sampling. Questionnaires completed by one thousand, eight hundred and thirty two (N =1832) subjects were analysed with descriptive statistics using Stata version 10. The participants' ages ranged from 17 to 55 years (mean = 21.03 ± 3.4 years). They included 43.7% males and 56.3% females. They were 68.3% Blacks, 20.0% Whites, 3.4% Indians and 7.4% Coloureds. Many (82.3%) of them knew that excessive exposure to sunlight can adversely affect the eyes. Only 28.5% reported that they often wore sunglasses outdoors. Only 38.5% of the participants knew that not all spectacles or contact lenses could protect eyes from ultraviolet radiation. However, many, 87.7% and 69.5% respectively knew that sunglasses and spectacles could be specifically designed to block UVR from entering the eye. Just over half (52.7%) knew that contact lenses can be specifically designed to block the UVR. Many, (68.4%) agreed that wearing hats with brims could protect the eyes against harmful radiation from the sun and the majority, 95.8% agreed that there was a need for awareness campaigns about the effects of the sun on the eye and against excessive exposure. Female respondents had more knowledge of preventive modalities than the males. Knowledge of preventive modalities among the respondents varied significantly with the type of questions and was poor for certain questions. This suggests a need for an eye protection awareness campaign amongst the general population in South Africa, about the possible adverse effects of sunlight on the eye and appropriate protective practices.
Introduction
The sun provides heat, light and energy for the entire solar system 1 . The human body is exposed to terrestrial sunlight containing UVB (295-315 nm), UVA (315-400 nm), visible light (400-750 nm) and infra red (750 nm to 1 mm) radiations 2 . The major source of ultraviolet radiation (UVR) is solar radiation, although artificial sources in the workplace can also emit this radiation 3, 4 . Exposure to solar UVR is the major environmental factor implicated in the development of skin cancers, as well as eye damage and skin photo-ageing 5 . There is general agreement from epidemiological studies that exposure to UVR is a major cause of each of the common types of skin cancer (basal cell carcinoma, squamous cell carcinoma and melanoma) [6] [7] [8] [9] . Ultraviolet radiation damage to the eyes is as a result of acute or cumulative (long term) exposure. The most commonly known adverse effect of solar UVR is inflammation of the cornea (photokeratitis) which is caused by UVB and usually resolves without long term consequences within 48 hours 2, 10 . However, extended exposure to the various components of solar UVR can result in other eye diseases such as melanoma of the uvea 4 and lids 11, 12 , cataract 13-15 , age-related macular degeneration (AMD) [16] [17] [18] [19] [20] , pterygium [21] [22] [23] [24] and conjunctival neoplasms [25] [26] . It has also been reported that infra-red radiation can be harmful to the eye, causing damage to the cornea (photokeratitis), lens and the retina 27 . Many teenagers and young adults in South Africa spend significant amounts of time outdoors especially at the beaches. Therefore, there is a need to assess their knowledge of the adverse effects of exposure to solar radiation and prevention practices. Such information is currently not available in the literature. Therefore, the aim of this study was to randomly sample university students in South Africa to establish their knowledge of protection against adverse effects of solar UV radiation. A preventative attitude and behaviour modification can greatly reduce the risk of the adverse effects of sunlight.
Methods
This is an explorative study to determine the knowledge of eye protection among selected university students in South Africa with regards to solar radiation.
A pre-coded questionnaire (Appendix 1) was used to collect data for this study. The purpose of the study and procedure were indicated on the questionnaire and the participants were informed that participation in the survey was voluntary. Research and Ethics approval for the study were obtained from the Research and Senior Degrees Committee, as well as the Ethics Committee of the University of Limpopo. Following approvals, a pilot study was conducted among 20 University of Limpopo students, after which necessary amendments were made to the questionnaire. The final questionnaire was randomly distributed to students at the University of Limpopo, University of Johannesburg, University of KwaZulu-Natal and Cape Peninsula University of Technology with the help of trained assistants. Convenience sampling was used to select the universities as these were the institutions where the different authors work. Also, convenience sampling was used to select participants. Research assistants were employed and assigned to various Faculties in the Universities to distribute the questionnaires. All registered students of the selected institutions were eligible for participation. Data from the questionnaires was analyzed using the Stata version 10 statistical programme. Descriptive statistics were used, namely frequencies, ranges, means and standard deviations and Chi squared tests were used to establish association between gender and some of the variables.
Results
A total of 1855 subjects completed the questionnaire in this study, but 23 of the completed questionnaires were rejected due to gross omission of data. The ages of the remaining 1832 respondents included in the analysis ranged from 17 to 55 years (mean = 21.03 ± 3.4 years). A large proportion, 1698 (92.5%) were between the ages of 17 and 25. The subjects included 801 (43.7%) males and 1031 (56.3%) females. Many, 1252 (68.3%) were Blacks, 366 (20.0%) were Whites, 63 (3.4%) were Indians and 136 (7.4%) were Coloured. Fifteen (0.9%) did not indicate their race. The majority, 1142 (62.3%) were from the Faculties of Science, Health Sciences and Engineering. Others were from the Faculties of Arts or Social Sciences (656, 35.8%). Thirty-four (1.9%) did not indicate their faculties of origin.
Many 1495 (82.3%) of the respondents knew that excessive exposure to sunlight can adversely affect the eyes. Other responses to this question are shown in Table 1 . Those who knew this were 41.1% males and 58.9% female. There were more participants among the females (86.1%) than among the males (77.3%) who knew that excessive exposure can adversely affect the eyes (p < 0.05). The percentages of each gender who knew this are included in Table 2 . Of the 1159 who responded to how excessive sunlight exposure can affect the eyes, 1071 (92.4%) reported that it can damage the eyes, 5 (0.4%) reported that it can cause blindness. Others, 83 (7.2%) gave answers considered to be irrelevant. When asked how often they wore sunglasses outdoors, 515 (28.5%) reported 'often', 593 (32.8%) reported 'rarely', 699 (38.7%) reported 'never'. Those who reported wearing sunglasses often were 35% male and 65% females and included more of the female (33.0%) than males (22.8%). Only a minority, 777 (42.4%) of the total respondents, reported currently having sunglasses. Among these, 259 (33.3%) bought them from optometrists or opticians, 471 (60.6%) bought them from shops and 47 (6.1%) bought them from other sources.
A smaller proportion 649 (35.7%) knew that ordinary spectacles or contact lenses cannot protect the eyes from UV radiation (Table 1) . These included 277 (42.7%) males and 372 (57.3%) female respondents and there were more females than males who knew this (p<0.05, see Table 2 ). Eight hundred and six (44.6%) knew that not all colours of tint can block out UV radiation. These respondents were 333 (41.3%) females and 473 (58.7%) females. The proportions among each gender who gave this response are shown in Table 2 . Again, more respondents among the females gave correct answers than males but the difference was not significant (p > 0.05). When asked whether sunglasses can be specifically designed to block the UVR from entering the eye, 1783 (97.3%) participants responded. Many (87.7%) agreed (Table 3) . Those who agreed were 665 (42.6%) males and 898 (57.5%) females, whereas those who disagreed were 117 (53.4%) males and 102 (46.6%) females. Those who agreed were (84.9%) of the males and (89.8%) of the females (p < 0.05). When asked whether spectacles can be specifically designed to block the UVR from entering the eye, 1693 (92.4%) of the subjects responded. Many, 69.5% agreed (Table 3). Those who agreed (1177) were 472 (40.1%) males and 705 (60%) females, and those who disagreed were 51.9% males and 48.1% females. Those who agreed were 63.8% of the male sample and 74% of the female sample (p <0.05). Of the 1673 who responded to whether contact lenses can be specifically designed to block UV radiation, 882 (52.7%) agreed as shown in Table 3 . They included 372 (42.2%) males and 510 (57.8%) females. There were more of the females (54.1%) than males who responded correctly (see Table 4 ).
A high percentage 68.4% knew that wearing hats with brims can protect eyes from solar radiation (Table1) and included 533 (43.1%) males and 704 (56.9%) females. The percentages of each gender who responded correctly are shown in Table 2 . Although, more of the females (56.9%) than of the males (43.1%) knew that wearing hats with brims could protect the eyes against the adverse effects of the sun, the difference was not significant (p >0.05). Many, 1800 (98.3%) responded to whether they think that there was a need for educational programs about the effects of the sun on the eye and against excessive exposure. Of these, 1725 (95.8%) agreed (Table 3) . Of the total sample, those who agreed were 740 (42.9%) males and 985 (57.1%) females. Significantly more of the females (97.1%) than of the males respondents (94.1%) were in favour of the need for education (p> 0.05, Table 4 ).
Discussion
Ocular health effects of exposure to sunlight are enormous and includes photokeratitis, photoconjunctivitis, climatic droplet keratopathy, pinguecula, pterygium and squamous cell carcinoma, anterior uveitis, ocular malignant melanoma and cataract (ophthalmoheliosis) 8, 28 . As the sun is the most common source of UVR, individuals who are exposed to sunny environments should be counselled about proper eye protection from UVR in sunlight 29 . The main forms of ophthalmic UVR-protection are sunglasses, glasses and contact lenses into which UVR absorbing components have been incorporated 30 . One would expect the general population to know the ophthalmic devices that can effectively protect their eyes from adverse effects of the sunlight. In addition, they should be aware of the non-ophthalmic protection modalities. One way of assessing this knowledge is via a survey of this nature. The findings of the survey will dictate the need for an educational campaign on effective protection from adverse effects of the sun.
Awareness of the hazards of solar ultraviolet radiation (UVR) among the general population in Australia has increased substantially as a result of educational campaigns such as the Sun Smart run by the Australian State Cancer Councils 31 . They have begun to take positive steps to protect themselves against ambient solar UVR by measures which include changing their behaviour and wearing the appropriate clothing, sunglasses and sun screen when outdoors 31 . It is anticipated that the present study would establish, among university students in South Africa, the level of knowledge of protection methods and protection practices against solar radiation. If the knowledge is poor among the university students, then it could be argued that the same level of knowledge or an even poorer level would be expected among the general population.
Generally, the knowledge of the participants in this study varied significantly with regard to their response to various questions. While the majority (82.3%) knew that sunlight has adverse effects on the eye, only 35.7% knew that ordinary spectacles or contact lenses cannot protect the eyes from UV radiation. While only 44.6% knew that not all colours of tints could protect the eyes, many (68.4%) knew that wearing hats with brims can protect the eyes against the adverse effects of the sun. While the majority, just over half of the respondents knew that contact lenses can be designed for the same purpose (Table 3) . Although the knowledge was generally good, the practice is not as good as only 28.5% reported wearing sunglasses often, outdoors and only 34.4% of these bought the lenses from optometrists. The majority bought them from shops. It may be difficult to establish whether those bought from the shops were able to protect the eyes or not. Therefore, the people need to be advised to purchase their sunglasses from optometrists so that they could be sure of the quality of such devices. An interesting finding was that, in more cases, females gave correct answers than males in all the questions responded to and had better protective practices. These suggest that females take better care of their eyes than men.
The study shows that there are a few people in the population with poor knowledge and poor protective practices against dangerous solar radiations which may result in a series of eye diseases such as cataract, melanoma, pterygium et cetera. The fact that many (63.4%) of the respondents were Health and Sciencerelated students suggests that possibly, the knowledge and practices might even be worse in a general population. It is however, relevant that an overwhelming proportion (95.8%) felt that there was a need for educational programmes about the effects of the sun on the eye and against excessive exposure. It is therefore recommended that the Departments of Health and professional associations such as the South African Optometric Association should take the lead in awareness campaigns about eye protection against the adverse effects of the sun.
Most university students are young adults who are likely to spend a lot of time outdoors for recreational purposes and also are considered to be the parents of tomorrow; hence their knowledge of eye protection against solar radiation will be valuable to themselves and their children. This study suggests that there is a need for awareness campaigns on the adverse effects of sunlight, protection practices and knowledge of protective devices. This will enhance better protection practices against sunlight. In conclusion, this study shows that the knowledge of protection against the detrimental effects of UVR is not adequate. There is therefore a need for active awareness campaigns in South Africa.
